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The novel 2019 coronavirus, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), commonly known as COVID-19, has become a global pandemic with nearly 2 million cases worldwide and over 100,000 deaths as of April 12, 2020 \[[@CR1], [@CR2]\]. New York City specifically has become recognized as a global epicenter of the pandemic with the most deaths in the country and total case count over 100,000 \[[@CR1]\]. Initial studies from Asia have revealed that mortality from COVID-19 increases with advanced age, comorbid conditions, presence of dyspnea, hypoxia, leukocytosis, lymphopenia, elevated CRP, high sequential organ failure assessment score, and elevated d-dimer \[[@CR3]--[@CR7]\]. These patients commonly experienced end organ damage such as acute respiratory distress syndrome, acute cardiac or kidney injury, shock, or disseminated intravascular coagulation prior to death \[[@CR3], [@CR4], [@CR7]\]. The pandemic has disproportionately impacted minority populations with higher rates of poor outcomes \[[@CR8], [@CR9]\]. Several drugs are being studied for COVID-19 including chloroquine, hydroxychloroquine, and azithromycin, resulting in national shortages \[[@CR10]--[@CR12]\].

The need for an effective COVID-19 treatment is becoming increasingly urgent. However, the rapid and extensive administration of these drugs will yield some risks and adverse outcomes as well, notably impacting cardiovascular status via arrhythmia induction. Hydroxychloroquine and chloroquine have both been associated with QT prolongation, thus increasing the risk of torsade de pointes, ventricular arrhythmias, and sudden cardiac death \[[@CR13]--[@CR16]\]. Azithromycin has also demonstrated QT prolongation among patients, with older age as a risk factor \[[@CR17]--[@CR20]\]. The higher incidence of QT prolongation among older patients is particularly concerning in the setting of COVID-19 treatment given that they are also particularly susceptible to severe infection \[[@CR5], [@CR21]\]. Given the lack of data of these medications in COVID-19, various guidelines have been published to assist physicians in navigating the risk-benefit analysis of medication administration. These guidelines suggest cessation of QT-prolonging agents at a QTc ≥ 500 ms indicating diminished repolarization reserve or an increase in the QTc by 60 ms indicating a potent QTc reactor \[[@CR22], [@CR23]\].

The compendium of literature for COVID-19 is slowly growing but remains sparse. In studying these medications in COVID-19, it will become imperative to note the potential harm. COVID-19 patients in Wuhan had high rates of cardiac injury, and cardiac injury was a risk factor for mortality \[[@CR21], [@CR24]\]. It is possible that these medications may exacerbate and worsen outcomes in a subset of patients. With our study, we hope to ascertain the rate of developing QT prolongation among patients diagnosed with COVID-19, receiving chloroquine, hydroxychloroquine, and/or azithromycin in a largely minority population. Our primary hypothesis is that COVID-19 patients receiving these medications are more likely to experience QT prolongation. We aim to evaluate the proportion of patients that develop clinically significant QT prolongation and subsequent outcomes.

Methods {#Sec2}
=======

We conducted an observational study of adult subjects hospitalized in the Montefiore Health System and diagnosed with novel coronavirus, COVID-19. Subjects were adults 18 years or older who met the following criteria: (a) received a positive SARS-CoV-2 test result confirmed by RT-PCR; (b) hospitalized within the Montefiore Health System; (c) received chloroquine (250 mg or 500 mg), hydroxychloroquine (400 mg), and/or azithromycin (250 mg or 500 mg) for treatment of COVID-19 infection; (d) had a standard 12-lead, 10 s electrocardiogram (ECG) before and after COVID-19 treatment initiation. Treatment dosing and schedule were as per standard hospital protocol, based on the available literature, for COVID-19: hydroxychloroquine 400 mg twice on the 1st day, followed by once per day for 4 days afterward or as determined by the responsible physician; azithromycin, based on pneumonia treatment guidelines, 500 mg on the 1st day, followed by 250 mg once per day for 4 days afterward \[[@CR25], [@CR26]\]. We excluded patients that were under the age of 18, had only a single ECG or did not have an ECG after medication initiation, or did not receive the medications of interest. Approval was obtained from the Institutional Review Board at the Albert Einstein College of Medicine, Bronx, New York.

Patient ECGs were examined using the MUSE database (General Electric Healthcare, Chicago, IL). The timestamp of ECGs was crosschecked with medication administration recorded in the patient's chart to ensure that baseline ECGs were obtained prior to medication initiation, and post-medication ECGs were obtained after medication initiation. The first ECG from the hospitalization served as the baseline ECG for each patient. If there was not an ECG prior to medication initiation for that hospitalization, the most recent ECG from a prior hospitalization was used as the baseline ECG.

The primary outcome of interest for this study was the QTc interval. The following information was obtained from each ECG: heart rate, QRS duration, QT interval, the presence of torsade de pointes (TdP), ventricular tachycardia/fibrillation, atrial flutter/fibrillation, supraventricular tachycardia, right bundle branch block (RBBB), and left bundle branch block (LBBB). Computer interpretation utilizing the 12SL algorithm was verified by a board-certified cardiologist \[[@CR27]\]. When there was a discrepancy between the automated reading and the interpreter's measurement of the QT interval, adjudication was performed by a second interpreter. The corrected QT interval (QTc) was calculated using Bazett's formula.

Patient charts were queried using Clinical Looking Glass (Montefiore Health System, Bronx, NY) to obtain demographic data, comorbidities, outpatient medication use, ejection fraction, body mass index, and electrolyte data. The closest electrolyte values within a 24-h period of the baseline and post-medication ECGs were obtained. Hypokalemia, hypocalcemia, and hypomagnesemia were defined as the following per our lab's convention: K \< 3.5 mEq/L, Ca \< 8.5 mEq/L, and Mg \< 1.7 mEq/L. Mortality data was obtained directly from the patient charts.

Statistical analysis {#Sec3}
--------------------

All analyses were computed using Stata Version 16.0 (College Station, TX: StataCorp LLC). Bivariate analyses of paired data were performed using the McNemar test, paired *t* test, or Wilcoxon signed-rank test. Unpaired data were analyzed using the chi-square test, and homogeneity of stratum-specific odds ratios was evaluated using the Breslow-Day test. All test assumptions were assessed, and violations of test assumptions were appropriately addressed. Alpha was set at the 0.05 level.

Results {#Sec4}
=======

Participant demographics and characteristics {#Sec5}
--------------------------------------------

Five hundred eighteen charts of consecutive patients suspected of COVID-19 infection and underwent COVID-19 diagnostic testing were reviewed. Four hundred thirteen patients were excluded from the final analysis due to the following: 340 had either no baseline or follow-up ECG; 54 had a negative SARS-CoV-2 result; 18 did not receive hydroxychloroquine, chloroquine, or azithromycin; and 1 did not complete SARS-CoV-2 diagnostic testing (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Inclusion of COVID-19 patients in analysis

A total of 105 patients that were hospitalized between February 13, 2020, and April 5, 2020, were analyzed and included in this study. The study sample consisted of 44.8% females and had an average age of 67 ± 15 years (Table [1](#Tab1){ref-type="table"}). The majority of participants identified as Non-Hispanic Black (40.9%), Hispanic (31.4%), or White (11.4%). The prevalence of medical comorbidities was substantial, as 48.6% of patients had a history of hypertension, 39.0% had a history of diabetes mellitus, 28.6% had a history of chronic kidney disease, and 19.0% had a history atrial fibrillation. Additionally, 4.8% of patients had a history of myocardial infarction and 5.7% had cardiomyopathy, with the mean ejection fraction being 58.7 ± 10.5%. Furthermore, the mean body mass index (BMI) for patients was 29.6 ± 6.3 kg/m^2^.Table 1Patient characteristics**Parameter (*n*** **= 105 patients)Descriptive statistic**Age, year67 ± 15\[29, 97\]Sex  Male58 (55.2)  Female47 (44.8)Body mass index, kg/m229.6 ± 6.3\[17.1, 48.7\]Race/ethnicity  Hispanic33 (31.4)  Non-Hispanic White12 (11.4)  Non-Hispanic Black43 (40.9)  Non-Hispanic Asian3 (2.9)  Non-Hispanic Other6 (5.7)  Unknown8 (7.6)Comorbidities  Hypertension51 (48.6)  Diabetes mellitus41 (39.0)  Cardiomyopathy6 (5.7)  Prior MI5 (4.8)  Chronic kidney disease30 (28.6)  Prior atrial fibrillation20 (19.0)Other QT prolonging agents during hospitalization^1^  Class I antiarrhythmics0 (0.0)  Class III antiarrhythmics^2^5 (4.8)  Ondansetron11 (10.5)  Methadone3 (2.9)Ejection fraction, % (most recent if available)58.7 ± 10.5\[30, 80\]Treatment  Chloroquine5 (4.8)  Hydroxychloroquine40 (38.1)  Azithromycin21 (20.0)  Chloroquine and hydroxychloroquine1 (1.0)  Chloroquine and azithromycin4 (3.8)  Hydroxychloroquine and azithromycin33 (31.4)  Chloroquine, hydroxychloroquine, and azithromycin1 (1.0)Intubated34 (32.4)Mortality29 (27.6)Reported as mean ± SD or *n* (%). Ranges reported for continuous variables^1^Recorded if medication was administered between pre- and post‑medication ECG^2^1 patient on dofetilide and 4 patients on amiodarone

Treatment regimens varied between patients. The preponderance of patients was treated with hydroxychloroquine, either alone (38.1%) or in combination with azithromycin (31.4%). The remainder of patients received azithromycin alone (20.0%), chloroquine alone (4.8%), or a combination of medications.

No patients received class I antiarrhythmics, and only 4.8% received class III antiarrhythmics between their pre- and post-medication ECGs. A minority of patients received other QT-prolonging agents include ondansetron (10%) and methadone (3%). In this patient population, 32.4% were intubated, and 27.6% died due to respiratory complications from COVID-19. There were no cases of mortality due to fatal arrhythmias (i.e., TdP, ventricular tachycardia/fibrillation).

Electrocardiogram characteristics {#Sec6}
---------------------------------

The median time from the first dose of chloroquine, hydroxychloroquine, or azithromycin to post-medication ECG was 2 (IQR: 1--3, range 0--18) days (Table [2](#Tab2){ref-type="table"}). As compared to their baseline QTc, males had a significantly increased QTc after treatment administration (440 \[IQR: 423--457\] vs. 455 \[438--483\] ms, *p* \< 0.001); females also experienced a similar significant increase in QTc as compared to baseline (438 \[IQR: 423--460\] vs. 463 \[434--484\] ms, *p* \< 0.001). The median difference between baseline and post-medication QTc was 16 (IQR: −2‑40) ms, with 12.4% of patients experiencing at least a 60 ms increase in QTc. Additionally, the number of patients whose QTc ≥ 500 ms was significantly increased after treatment (16.2 vs. 4.8%, *p* \< 0.01). When QTc prolongation was defined as ≥ 470 ms for males and [\>]{.ul} 480 ms for females, patients demonstrated a significantly greater frequency of QTc prolongation after medication administration as compared to baseline (14.3% vs 34.3%, *p* \< 0.001) \[[@CR22]\]. Of note, there was no significant association between ethnicity/race and either QTc prolongation (*p* = 0.12), change in QTc ≥ 60 ms (*p* = 0.55), QTc ≥ 500 ms (*p* = 0.63), or mortality (*p* = 0.48). Furthermore, stratification by the presence of either hypokalemia, hypocalcemia, or hypomagnesemia did not alter the statistical significance of the aforementioned increase in QT prolongation, and the Breslow-Day test of homogeneity was not significant (*p* = 0.39) which suggests that the association between treatment and QTc prolongation exists irrespective of electrolyte imbalance.Table 2ECG Characteristics***n*** **= 105Baseline ECGPost-medication ECG*P*value**^1^HR \> 1209 (8.6)11 (10.5)0.77Atrial flutter1 (1.0)2 (1.9)\> 0.99Atrial fibrillation8 (7.6)10 (9.5)0.69Supraventricular tachycardia1 (1.0)3 (2.8)0.5Right bundle branch block9 (8.6)12 (11.4)0.38Left bundle branch block0 (0.0)2 (1.9)0.5Non-specific intraventricular conduction block4 (3.8)0 (0.0)0.13Torsade de pointes0 (0.0)0 (0.0)--Ventricular tachycardia0 (0.0)1 (1.0)\> 0.99Ventricular fibrillation0 (0.0)0 (0.0)--\#Days after drug initiation (post-drug ECG only), *n* \[min, max\]--2 (1--3)\[0, 18\]QTc, ms, *median (IQR)*  Male440 (423--457)455 (438--483)\< 0.001  Female438 (423--460)463 (434--484)\< 0.001Difference between baseline and post-drug QTc, ms--16 (−2--40)QTc prolongation^2^15 (14.3)36 (34.3) \< 0.001QTc ≥ 500 ms5 (4.8)17 (16.2)\< 0.01Change in QTc ≥ 60 ms--13 (12.4)Met criteria for medication discontinuation^3^--21 (20.0)Potassium (*n* = 87)^4^4.4 ± 0.74.4 ± 0.70.61Calcium (*n* = 95)^4^8.7 ± 0.68.4 ± 0.6\< 0.001Magnesium (*n* = 54)^4^2.1 (1.9--2.3)2.1 (1.9--2.4)0.17Reported as mean ± SD, median (IQR), or *n* (%)^1^McNemar's test was used to analyze differences in HR \> 120, atrial flutter/fibrillation, SVT, RBBB, LBBB, TdP, ventricular tachycardia/fibrillation, proportion of people with QTc prolongation, and QTc ≥ 500 ms; Wilcoxon signed-rank test was used to analyze QTc and magnesium levels; paired *t* test was used to analyze potassium and calcium levels^2^QT prolongation defined as QTc ≥ 470 ms in men and ≥ 480 ms in women^3^Criteria for medication discontinuation was defined as having a post-drug ECG QTc ≥ 500 ms or an increase from baseline of ≥ 60 ms^4^*N* refers to total number of complete pairs that were analyzed

QTc pre- and post-treatment were also stratified by intubation status and mortality. Median baseline QTc was significantly greater in patients that were intubated vs those that were not intubated (449 vs. 433 ms, *p* \< 0.01), but this association was not significant post-medication (466 vs. 454 ms, *p* = 0.13). Intubated patients, as compared to non-intubated patients, also had a significantly greater prevalence of QTc prolongation at baseline (10 \[29.4%\] vs. 5 \[7.0%\], *p* \< 0.01), but this association was not significant post-medication administration (14 \[41.2%\] vs. 22 \[31.0%\], *p* = 0.30). Both median baseline QTc (467 vs. 436 ms, *p* \< 0.01) and post-treatment QTc (481 vs. 454 ms, *p* \< 0.01) were significantly greater in deceased patients vs non-deceased patients. Deceased patients vs non-deceased patients also had a significantly greater prevalence of QTc prolongation both at baseline (10 \[34.5%\] vs. 5 \[6.6%\], *p* \< 0.001) and after (16 \[55.2%\] vs. 20 \[26.3%\], *p* \< 0.01) treatment.

Current treatment guidelines recommend cessation of QT-prolonging medications after observing either an increase of QTc ≥ 60 ms or a QTc ≥ 500 ms \[[@CR22], [@CR23]\]. Twenty percent of patients in our sample met these criteria for discontinuation at the time of post-treatment ECG. The frequency of mortality among those meeting medication discontinuation criteria was greater than those that did not meet criteria (47.6 vs. 22.6%, *p* = 0.02), with an unadjusted odds ratio of 3.1 (95% CI: 1.1--8.7). This can be interpreted to mean that patients with an increase in QTc ≥ 60 ms from baseline or a QTc ≥ 500 ms had a 3.1 times increased odds of mortality than those not exceeding the aforementioned parameters. Intubated patients did not have a significantly different prevalence of meeting treatment discontinuation criteria as compared to non-intubated patients (8 \[23.5%\] vs. 13 \[18.3%\], *p* = 0.53).

The prevalence of tachycardia, atrial flutter, atrial fibrillation, supraventricular tachycardia, right or left bundle branch block, and nonspecific intraventricular conduction block did not significantly differ between baseline and post-treatment ECG. Additionally, there was no evidence of torsade de pointes or ventricular fibrillation in this sample. A single patient was noted to have stable ventricular tachycardia on post-treatment ECG.

Discussion {#Sec7}
==========

The COVID-19 pandemic has resulted in a substantial study of chloroquine, hydroxychloroquine, and azithromycin. The anti-viral activity and immunomodulating effects of chloroquine and hydroxychloroquine are potentially valuable in dampening pro-inflammatory cytokines, given evidence of cytokine storm in fatal cases \[[@CR10], [@CR25], [@CR28]--[@CR31]\]. Azithromycin and hydroxychloroquine combination resulted in 100% clearance of viral load in respiratory secretions of 36 patients, and reports from China suggest chloroquine may result in pneumonia inhibition and truncated disease courses \[[@CR32], [@CR33]\]. However, a recent observational study found no association between hydroxychloroquine and rates of intubation or mortality \[[@CR34]\].

Continued research delineating the effects of these medications remains necessary in the COVID-19 pandemic. A preliminary, non-peer-reviewed analysis at the New York University found a high prevalence of QTc \> 500 ms at 11% in a sample of 84 patients, with renal failure being a strong risk factor, although they did not demonstrate an association with mortality \[[@CR35]\]. A few other observational studies of small sample sizes have also established an association with QT prolongation and these medications \[[@CR36]--[@CR38]\]. No studies, however, have been performed in vulnerable minority populations. Refining treatment strategies in these populations remains a priority given reports of worse outcomes \[[@CR8], [@CR9]\]. In this study, we evaluate the impact of hydroxychloroquine, chloroquine, and azithromycin on QT prolongation and the impact on mortality with high-risk QT prolongation in a multiethnic/racial population.

This sample of patients was representative of the larger Bronx population typically seen in the Montefiore Health System with minority populations comprising a significant proportion \[[@CR39]\]. A large proportion of our population was older and suffered from several comorbidities with hypertension and diabetes being the most common followed by CKD, similar to previously described demographics of at-risk COVID-19 patients \[[@CR4], [@CR5], [@CR21]\]. Additionally, obese patients comprised a significant portion of our patient sample conferring additional risk for poor outcomes, with a recent study identifying BMI \> 30 kg/m^2^ as a risk factor for hospitalization and ICU admission among patients under 60 years old \[[@CR40]\].

Among our patients, we found the median QTc in both men and women to be significantly increased. Additionally, the proportion of men and women that met the criteria of QTc prolongation using the cutoffs of ≥ 470 ms and ≥ 480 ms increased significantly relative to baseline (14.3% vs 34.3%, *p* \< 0.001), even when controlling for electrolyte abnormalities. The proportion of patients on antiarrhythmics known to prolong the QT interval, class I, and III medications, was low (4.8%) thus conferring minimal impact on our results. The overall incidences of RBBB, LBBB, and non-specific intraventricular conduction block were also low and not significantly different between pre- and post-medication ECGs, making these arrhythmias unlikely contributors to the impact on QTc prolongation. Given this data, it is reasonable to conclude that the administration of hydroxychloroquine, chloroquine, and/or azithromycin likely confer a risk for QTc prolongation. However, there were no cases of TdP or ventricular fibrillation, and only one patient with ventricular tachycardia. Additionally, all fatal COVID-19 cases in this sample were due to respiratory complications. Thus, while there may be a statistically significant increased risk of developing prolonged QTc in patients treated with these medications, the clinical risk of harm or death may be outweighed by the potential benefit of treating the infection for the vast majority of patients. To date, there are no randomized controlled trials demonstrating efficacy data for hydroxychloroquine. Additional studies are necessary to determine the exact risk-benefit ratio for such therapy.

In the absence of concrete data for management of COVID-19 patients, recent expert guidelines have proposed using cutoffs of QTc ≥ 500 ms or an increase of QTc ≥ 60 ms to discontinue these agents, identifying patients with possible diminished repolarization reserve or a repolarization reactor, and thus at high risk for fatal ventricular arrhythmias \[[@CR22], [@CR23]\]. Of note, a minority of patients had QTc \> 500 ms at baseline (4.8%). This minority of patients tended to have widened QRS complexes due to the baseline bundle branch block at baseline. Additionally, treatment administration in these patients was at the discretion of the primary team, and no patients in the entire cohort experienced fatal arrhythmias. We identified 21 patients (20%) in our sample that fulfilled criteria for medication discontinuation, and the frequency of mortality was nearly double those who did not meet these criteria (47.6% vs 22.6%, *p* = 0.02), with an OR of 3.1 (95% CI: 1.1--8.7). Notably, the deceased group also had higher baseline and post-treatment QTc relative to the rest of the cohort. There are, however, several other factors contributing to the higher odds of mortality in this group of patients. This population suffered from a greater burden of infection with severe disease, supported by the high intubation rate in the entire cohort (32.4%). It is likely that during the course of hospitalization, significant clinical events occurred that resulted in QT prolongation and increased mortality such as cardiac ischemia or myocarditis. However, troponins for this cohort were not routinely collected, thus precluding an analysis of myocardial damage. Although no patients died from fatal arrhythmias, these findings support that QTc may actually be considered a vital sign and marker for all-cause mortality, rather than just a risk factor for arrhythmias \[[@CR41]\].

Of the approximately 500 consecutive charts reviewed, only 20% of individuals received baseline and follow-up ECGs to ensure QT interval stability. Many patients not included in this analysis had QT interval monitoring via continuous telemetry or patch telemetry recordings. Limited staff and personal protective equipment likely resulted in 12-lead ECG monitoring of the sickest patients. Our data highlights the importance of standardized pre- and post-treatment ECG monitoring in COVID-19 patients. This is especially important when patients are treated with multiple QT-prolonging agents, such as ondansetron and methadone (10% and 3% respectively in our study).

The CDC's monitoring program COVID-NET suggested that black patients are disproportionately impacted by COVID-19 \[[@CR9]\]. In our study, we found no statistically significant associations between ethnicity/race and QTc prolongation, QTc \> 500 ms, or mortality. However, given our study's sample size, a true association cannot be excluded. A larger study will be necessary to ascertain the risk of mortality among racial minorities.

The main limitation of this study was selection bias. The population included in this study includes only patients that required hospitalization. Moreover, patients monitored with serial 12-lead ECG recording were more likely to be in an ICU or specialized unit where more resources for serial testing were available. This is supported by the high intubation rate in our cohort and may contribute to the observed mortality rate. Additionally, intubation and mortality rates likely reflect the selection of the sicker COVID-19 infected population. Despite this, treatment with hydroxychloroquine did not appear to cause harmful proarrhythmic events. Additional prospective controlled studies will be necessary to truly determine the risk-benefit ratio of such therapy. Arrhythmia monitoring should be more routinely implemented and incorporated into institutional protocols for more patients receiving these medications as is suggested by other guidelines \[[@CR22], [@CR23]\]. Enacting such policies will allow further, larger studies to support the conclusions made by this study.

Conclusions {#Sec8}
===========

Administration of hydroxychloroquine, chloroquine, and/or azithromycin for treatment of COVID-19 resulted in statistically significant increases in QTc and increased the proportion of patients with QTc prolongation even after controlling for electrolyte abnormalities. QT interval prolongation appeared to be consistent regardless of ethnicity or race. Patients who had either QTc ≥ 500 ms or an increase in QTc of ≥ 60 ms had increased odds of mortality than those who did not, though no patients died from ventricular tachyarrhythmia. Based on these findings, patients with QTc prolongation at baseline may be at increased risk for arrhythmias and should be monitored more closely. Risk-benefit analyses should be carefully considered for each patient. RCTs are necessary to further inform the use of these medications in COVID-19 patients.

**Publisher's note**

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Not applicable.

All authors contributed to the study conception and design. Material preparation and data collection were performed by Brian Hsia, Jose Quiroz, and Ahmed Khokhar. Analysis was performed by Brian Hsia and Nicolas Greige. The first draft of the manuscript was written by Brian Hsia and Nicolas Greige. All authors commented on previous versions of the manuscript. All authors read and approved the final manuscript.

No conflicts to disclose.

Obtained from the Institutional Review Board at the Albert Einstein College of Medicine, Bronx, New York.

Not applicable.

Not applicable.

Not applicable.
